Objective To compare the safety and effectiveness of two different materials (mesh and suture line) used in laparoscopic extraperitoneal uterine suspension.
Introduction
Traditionally, vaginal hysterectomy is the surgical approach for uterine prolapse, but hysterectomy is both the reason for and outcome of pelvic organ prolapse (POP). 1 Moreover, the uterus plays a role in women's gender identity, sexual function, self-worth and general psychological wellbeing. 2 More and more women have begun to question the need to remove a uterus that has no pathological disease if presented with an equally efficacious alternative to a hysterectomy-based prolapse repair. 3, 4 Over the past decade, many different mesh-based uterine-sparing operative techniques have been created to treat POP and restore the anatomy of pelvic organs, among which laparoscopic sacrohysteropexy/sacrocolpopexy (LSH/ LSC) is the most commonly performed procedure. It is considered a highly effective and durable treatment, but it is also associated with greater perioperative morbidity such as long operation time, intra-operative haemorrhage, bowel and bladder injury, osteomyelitis, and other serious meshrelated complications.
According to an FDA report, we are just beginning to see a small part of the iceberg of far more serious mesh complications. 6, 7 Should POP be dominated by the use of mesh? Treatment based less on mesh is still under much debate and remains a challenge to gynecologists. To reduce mesh-based complications, we describe a laparoscopic extraperitoneal linear uterine suspension for POP, which is derived from extraperitoneal uterine suspension with mesh we introduced in 2010 and 2012. 8, 9 Methods Our retrospective observational study involved women with symptomatic POP stage II or higher who requested surgical intervention and uterus-preservation in the China-Japan Friendship Hospital in Beijing and Anhui Provincial Hospital in Anhui Province between November 2012 and April 2015. All clinical data were obtained from the women's clinical and follow-up records.
All patients underwent standardized assessment including symptoms, medical history and a clinical examination. The primary outcome was subjective satisfaction rate based upon validated questionnaires: the Pelvic Floor Impact Questionnaire 7 (PFIQ-7) and the Pelvic Floor Distress Inventory (PFDI-20), which were administered before and 6 months, and 1 year after operation, and the Patient Global Impression of Improvement (PGI-I) scale administered 1 year postoperatively. The secondary outcomes were objective anatomic assessment using the pelvic organ prolapse quantification (POP-Q) scale to grade the stage of prolapse at all sites and to evaluate whether any of them extended beyond the hymen or showed any indication for surgery or use of the pessary again. To reduce potential confounding factors, women with significant uterine enlargement (e.g. uterine fibroids) and previous POP surgery were excluded. A total of 153 women were therefore included, aged 29-85 years (median 62.71). Prior to surgery, informed consent was obtained by attending surgeons. The study design is shown in Figure 1 .
All surgeries were performed under general anaesthesia in supine and semi-lithotomy position by the senior surgeons. Once adequate pneumoperitoneum had been achieved, four laparoscopic sleeves were placed. To avoid over-correction, we elevated the cervix 8-9 cm above the level of the hymen during operation as standard. We documented the operation time and blood loss, length of stay, and occurrence of major complications (injuries to bowel, bladder and ureter). The details of the two procedures are described below: 1 Laparoscopic extraperitoneal suspension with mesh (Mesh group) was performed as described before. Equipment preparation: polypropylene mesh (Herniamesh SRL, Turin, Italy) was used to make three small pieces, one rectangular piece (1.5 3 2.5 cm) and two square pieces (1 3 1 cm) .
For the suture line, 75-cm 2-0 non-absorbable Ethibond Excel polyester W4843 (ETHICON.LLC Guaynabo. Puerto Rico) was used. 3 The uterovesical fold was dissected to expose the anterior cervix. The needle tip of the sutures was introduced into the peritoneal cavity through one of the lateral sleeves. Two loops were sewn onto the anterior cervix. The rectangular piece was inserted into the external part of the loops and fixed on the cervix (Figure 2 ). A laparoscopic forcep was then passed through extraperitoneal space toward the cervix ( Figure 3 ). The homolateral free tip of the sutures was grasped and withdrawn to the sling point and the sutures were left outside. The peritoneal incision was closed to cover the mesh and the peritoneal cavity part of sutures completely. After gas and manipulator were removed, the assistant attempted to lift up the cervix. The sutures were tightened outside the body bilaterally, and then released carefully in a tensionless way. The sutures were then tied on both sides of the sling points, and the square pieces were fixed at the anterior abdominal fascia. Pneumoperitoneum was reestablished to observe the pelvis ( Figure 4 ). details, and consecutive demographic variables in both groups were analysed using ANOVA or t-test, and categorical demographic variables and POP stage were analysed using Chi-square analyses. ANOVA was performed on questionnaire and POP-Q parametric data. P-values of <0.05 were considered statistically significant.
Results
Baseline characteristics of both groups were comparable in terms of age, body mass index (BMI), parity, previous pelvic surgery, medical comorbidities, hormonal status and POP stage ( Table 1 ). The 153 women who presented with stage II or greater POP underwent at least a 12-month follow up (range 12-29 months, mean 20 AE 4.5); they showed no difference in baseline characteristics except for medical comorbidities. The incidence of cardiovascular disease (CVD) was much higher in the Line than the Mesh group (36 versus 19, P < 0.05).
There were no significant differences in association with posterior and/or anterior colporrhaphy, blood loss or average hospital stay in both groups, but the number of associated surgeries was much higher in the Line than in the Mesh group (12 versus 2, P < 0.05). The other surgeries included two cases of myomectomy in Mesh group, and four cases of myomectomy, three cases of cervical polyp removal, two cases of contraceptive ring removal, three cases of bilateral oophorectomy and two cases of hysteroscopy in the Line group. The total operation time in the Line group was a little shorter than in the Mesh group, but no statistical differences were found (Table 2 ). There were no surgical injuries or serious complications during operation in either group.
Both groups were followed up as scheduled and showed statistically significant improvements in anatomical measures of points Aa, Ba, Ap, Bp, C and TVL (P < 0.01 Table 3 ), as well as functional and quality-of-life measures including POP symptoms, urinary and colorectal function in 1-year follow-up visits (P < 0.01 for PFDI-20 and PFIQ-7). The postoperative PFDI-20, PFIQ-7 and PGI-I scores were not different between two groups (P > 0.05, Table 4 ). Two cases of deep wound infection were diagnosed in the Mesh group at the 3-month follow up: the patients recovered after treatment with antibiotics and physiotherapy.
Discussion

Main findings
In this retrospective analysis we compared the effectiveness, safety and complications using laparoscopic extraperitoneal suspension with mesh versus suture line. No differences were found in the short-term. Four main outcomes were assessed: satisfaction, anatomy, function, and avoidance of complications. 10, 11 We used PGI-I to test participants' perception of success, 12 PFDI-20 and PFIQ-7 to reveal improvement of function and symptoms, 13 and the POP-Q score to evaluate restoration of anatomy. There were large improvements in the POP-Q score and results of the questionnaires of PFDI-20 and PFIQ-7 at the 1-year follow up. Even the two women with mesh-related wound infection in the Mesh group at the 3-month follow up, felt 'much better' and were satisfied with the surgeries at the 1-year follow up. No difference was found postoperatively in PFDI-20, PFIQ-7 and PGI-I questionnaires between two groups. The mean age of the participants in our study was 62.71 years, few of whom were sexually active, so the sexual function questionnaire, the Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire (PISQ-12), was not used. Uterine suspension can only partially correct compartments other than the middle one. In approximately 70% of women presenting with POP, two or all three vaginal compartments are involved, 14 and concomitant posterior and/ or anterior colporrhaphy is usually performed where appropriate. It takes <2 hours to complete the suspension and associated procedures. The laparoscopic suspension is much easier and only takes 30 minutes to accomplish, as we have reported previously. 8 However, for LSH/LSC, the average operation time is 2-3 hours even when done by experienced surgeons; 15 the prolonged pneumoperitoneum and Trendelenburg position put a strain on the circulation during the operation, especially for seniors or patients with CVD, who present a difficult surgical field and cannot endure long operation times.
The only differences in baseline characteristics and perioperative details between two groups were medical comorbidities and associated surgical procedures. In the Line group, there were more patients with CVD (36 versus 19) and associated surgeries (12 versus 2) compared with the Mesh group, but the operation time was 8 minutes less than in the Mesh group (117.09 versus 108.91 minutes). Although the 8 minutes did not cause any statistical difference, it would be beneficial for seniors and patients with CVD. More data may show a difference in the future. The likely explanation for the difference in operation time is that the suture line was much smoother than with mesh and easier to withdraw extraperitoneally. Moreover, surgeons may subconsciously accelerate the procedure in patients with CVD.
As the mesh or suture line was stitched onto the cervix and followed extraperitoneally without crossing sensitive spots, such as large vessels, bladder, ureter or bowel, there were no intra-operative complications in either group. At the 3-month follow up, two women complained of pelvic pain at one or both sides in the Mesh group. Inflammatory reaction of the mesh was considered because physical examination showed abdominal wall pain rather than pelvic cavity pain. After antibiotics and physiotherapy, these women recovered well. Mesh buried extraperitoneally in the pelvic cavity is unlikely to extrude or erode, but it may cause inflammation.
Strengths and limitations
The simplest way to avoid mesh-related events is to minimise use of mesh. In our study, we tried to demonstrate that laparoscopic uterine suspension without mesh is feasible. The tiny mesh in the procedure did not play any role, as it was used only to fix the suture line. However, as a retrospective study, there are some limitations. First, the allocation was not at random. Women selected the procedure by themselves or followed their doctor's advice. The surgeons who carried out the postoperative assessment were aware of the procedure, which may have interfered with the POP-Q assessment. Secondly, the intra-operative data were incomplete. It was hard to estimate the operation time and blood loss of suspension alone. We presumed that the suspension time was less in the Line than the Mesh group simply because there more associated surgeries in the former group. The advantages and effectiveness of the procedure in the long-term warrant need to be further assessed. It had been reported that women have became pregnant and delivered successfully after LSH, 16 ,17 so we also hope to follow up women who conceived after operation, and to understand the relation between the procedure and the pregnancy and delivery. 
Interpretation
We deliberately suspended the cervical ring from the anterior abdominal fascia with non-absorbable suture line for the following reasons. First, POP is due to poor pelvic tissue qualities, especially the uterosacral and the cardinal ligament, which are components of the ring-like structure at the level of the cervix, DeLancey level I support. 14 Therefore, it seemed a good idea to create a stronger permanent 'ligament' around the cervical ring to substitute for the flabby one. [18] [19] [20] Secondly, recreation of the cardinal ligament is impractical, as most suspending procedures including LSH/LSC require the uterosacral ligament to be rebuilt. Thirdly, suturing the round ligament to the fascia had been tried previously and a certain efficacy achieved, 21, 22 but the procedure did not match any integral theory and also changed the axis of the vagina. We took the above practical factors into consideration, integrating them into our design, and thus created a permanent and non-elastic ligament from the cervical ring to the anterior abdominal fascia to elevate the uterus to a more physiological axis of the vagina.
Conclusions
Our study presents evidence for the clinical safety and effectiveness of laparoscopic extraperitoneal linear uterine suspension versus laparoscopic extraperitoneal uterine suspension with mesh. Laparoscopic extraperitoneal linear uterine suspension has the advantage of easy operation, fewer mesh-related complications, and greater security for elderly women and those with physical complications. Therefore it may be an alternative for POP, although longterm results have yet to be investigated.
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